Wiers, P. W. J., Ie Coultre, R., Dallinga, 0. T., van Diji, W., Meinesz, A. F., and Sluiter, H. J. (1977) . Thorax, 32, [221] [222] [223] [224] [225] [226] [227] [228] . Cuirass respirator treatment of chronic respiratory failure in scoliotic patients. The results are reported of domiciliary cuirass respirator treatment, using tailor-made shells, in four patients with severe thoracic scoliosis. Three of the patients had suffered from poliomyelitis. All complained of increasing dyspnoea on exertion, ultimately interfering with almost every activity of daily life; three patients had severe acute respiratory failure necessitating urgent admission to the Respiratory Care Unit. Right heart failure was present in two. Two patients required mechanical treatment via an endotracheal tube. All the patients were discharged home with a cuirass respirator. Standard type shells were used initially with low efficiency due to the poor fit of the cuirass shell to the deformed thoracic cage. TIailor-made shells were constructed from polyester reinforced with glass fibre, modelled on plaster casts of the thoracic cage. Subjectively the patients improved greatly and were able to resume and increase many activities. One patient committed suicide for reasons unconnected with treatment but the other three patients have been doing well from the time the cuirass respirator treatment was started, respectively, 3, 6, and 10 years ago. This treatment seems particularly effective in younger patients with severe paralytic scoliosis and cardiorespiratory failure, although the possibility of using it in older patients suffering from scoliosis of other aetiology should certainly be explored.
Scoliosis of the thoracic spine causes a decrease in lung volumes and regional disturbances in ventilation-perfusion relationships which may lead to hypoxaemia and, in severe cases, to hypercapnia, respiratory acidosis, pulmonary hypertension, and cor pulmonale (Bergofsky et al., 1959; Caro and Dubois, 1961; Dollery et al., 1965; Towers and Zorab, 1969; Littler et al., 1973) . The work of breathing is increased because of the low compliance of the thoracic wall, and the respiratory muscles perform at a low level of efficiency (Bergofsky et al., 1959; Prime and Zorab, 1969) .
Complicating factors may be impaired function of the respiratory muscles, for example, diaphragmatic paralysis in poliomyelitis (Scadding and Zorab, 1969; Lane et al., 1974; Newson Davis et al., 1976) and bacterial bronchial infections, the latter often in patients with co-existent airways obstruction (Dollery et al., 1965) . Endotracheal intubation and short-term mechanical ventilation are often successful in the treatment of an acute episode. Mortality is high in the first few years after an episode of cardiorespiratory failure, even with optimal conservative treatment (Towers and Zorab, 1969) . To improve the long-term prognosis several possibilities have been explored such as intermittent positive pressure breathing (IPPB) (Bergofsky et al., 1959; Lane et al., 1974) , tracheostomy (Bruderman and Stein, 1961) , and treatment with a cuirass respirator (Newson Davis et al., 1976 Scadding and Zorab (1969) ) was the main cause of the respiratory failure. Thirteen of the 17 patients were treated with mechanical ventilation during the acute episode; five died during this episode and eight patients survived. Chronic respirator treatment was judged not to be indicated in five patients; three of them died within three years of the acute episode. Three patients were discharged with a permanent tracheostomy. One died eight years later. The cause of death in all patients was severe (cardio-) respiratory failure. The present paper discusses four patients who were treated with a cuirass respirator after recovery from the acute episode; two had respirator treatment during the acute episode, one patient had a tracheostomy, and one patient was treated conservatively at the RCU. The Table gives some details of these patients.
Examination on admission included a detailed history and physical examination, chest radiograph, electrocardiogram, arterial blood analysis (Po, and Pco, membrane electrodes; pH: glass electrode, Radiometer, Copenhagen), bacteriological examination of sputum (Mulder, 1956) , and detailed biochemical studies. Cor pulmonale was diagnosed in the presence of symptoms and signs of right heart failure and changes in the electrocardiogram or vectorcardiogram (Friedman, 1971) . A diagnosis of airways obstruction was made on the basis of history, physical examination, and lung function data (Orie, 1961; van der Lende, 1969; Lende, 1977 Tammeling (1961) , using arm span instead of height (Hepper et al., 1965 (Fountain et al., 1973) . With the cooperation of several departments of the University Hospital, tailor-made cuirass shells were made using polyester reinforced with glass fibre, and a foam rubber rim; they were modelled from a plaster cast made of the patient's thoracic cage. Figures 1 and 2 show the two shells that were used. 
Results
Three of the four patients are alive, respectively, 10, 6, and 3 years after the cuirass respirator *00
roup.bmj.com on August 28, 2017 -Published by http://thorax.bmj.com/ Downloaded from treatment was started; one patient committed suicide. All four patients felt much better after cuirass treatment and were able to carry out more duties than previously. Co-existent airways obstruction was present in three of the four patients. Lung function results were in accordance with the severity of the scoliosis (Weber et al., 1975) ; mean vital capacity (VC) was 23% and mean forced expiratory volume in one second (FEV1) 21% of the predicted value. In general, the patients accepted a lower breathing frequency of the cuirass respirator than their usual spontaneous respiratory rate; the tidal volume tended to rise (Fig. 3) . 
Case histories
The history of case 2 will be described first, because it illustrates best the evolution of the treatment towards the tailor-made cuirass shell. (Fig. 4) This girl was admitted to the RCU in 1973 when she was 17 years of age. When she was 4 months old she had suffered from poliomyelitis, which left her with widespread pareses of the muscles of the trunk and shoulder girdle, intercostal muscles and, to some extent, also the auxiliary respiratory muscles. At an early age she developed a severe thoracic scoliosis. Several times she had bronchopneumonia and sometimes was wheezy. She was admitted to the RCU in a state of severe respiratory failure without signs or symptoms of right heart failure.
Conservative treatment resulted in some improvement but the patient remained extremely dyspnoeic on slight exertion. She had not been able to go to school regularly during the previous year because of the dyspnoea. Cuirass respirator treatment, using a standard type shell, was not successful and therefore a tailor-made cuirass was constructed. The patient is a very bright girl and both she and her parents are very well motivated. She was discharged home with the tailor-made cuirass shell and felt very much improved. She was admitted once at the end of 1973 because of respiratory failure following a bacterial bronchial infection, which responded well to additional medical treatment. We instructed her, her family, and her general practitioner how to deal with colds-immediately starting with antimicrobial treatment, a short course of corticosteroids, and physiotherapy-and told her to have influenza vaccination at least once a year. Since then she has not been readmitted. She is doing well at home, has finished secondary school, rides a bicycle, and is at present being trained for an administrative job. She is, as are the other two living patients, seen regularly by us in the outpatient department.
Discussion
This retrospective, uncontrolled study on the effect of cuirass respirator treatment using tailor-made shells in severe thoracic scoliosis deals with only four patients. No definite conclusion can be drawn. The favourable results that we obtained, however, may stimulate other investigators to consider this form of treatment. We are currently engaged in more detailed investigations of the effect of this treatment.
Over the years our policy regarding treatment of scoliotic patients who present themselves with respiratory or cardiorespiratory failure has changed as far as the after-treatment is concerned. After a period in which no specific after-treatment was advised, we started to treat the patients with tracheostomy and mechanical ventilation at home; then cuirass respirator treatment using standardtype shells was used; and finally the tailor-made cuirass shell was introduced.
The natural history of thoracic scoliosis often shows a deterioration at puberty (Scadding and Zorab, 1969) , especially in the paralytic forms (Lane et al., 1974) . A second peak in deterioration often occurs in the fifth decade. Once respiratory failure, or cardiorespiratory failure, supervenes, the prognosis is bad: over 50% of the patients die within the next two to three years despite vigorous conservative treatment (Bergofsky et al., 1959; Towers and Zorab, 1969) .
In the 17 scoliotic patients with severe respiratory insufficiency who have been treated in the RCU mortality was high in those patients who had conservative after-treatment only: of 10 patients, five died while under treatment in the RCU and another three patients died within three years of the acute episode. Seven patients received, as well as the conservative treatment, after-treatment either in the form of mechanical ventilation via a tracheostomy (3 patients, 2 survivors) or via a cuirass respirator (4 patients, 3 survivors, one patient committed suicide). Lane et al. (1974) Detailed lung function studies to investigate this are in progress. Good motivation is essential for this treatment. Not only the patient, but also his family and relatives and society as a whole, must be willing to accept it. Instructions should be given how to deal with bacterial infections; coexistent airways obstruction should be treated vigorously, smoking must be prohibited, and influenza vaccination administered every year. Up to now we have applied domiciliary cuirass respirator treatment only in young patients with paralytic thoracic scoliosis; in these patients it works very well. We have as yet no experience with this kind of treatment in older patients suffering from scoliosis of other aetiology. We intend, however, to attempt this treatment in these patients because of the serious prognosis once respiratory failure has become apparent. Experience with cuirass treatment in older patients without scoliosis suffering from other diseases indicates that this treatment may be carried out successfully in some older scoliotic patients pro- vided motivation is present. It seems reasonable to assume that a decreasing incidence of polio-myelitis will eventually result in fewer cases of severe thoracic scoliosis; moreover, it should be possible nowadays to prevent its development in most cases. In the meantime, cuirass respirator treatment, using tailor-made shells, seems worth a trial. The cost of this treatment is small compared with that of repeated hospital admissions. 
